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PURPOSE 
The purpose of this contract is to evaluate the capability 
of the maser-equipped radar set AN/MPS-34 and the Area Precipi-
tation Measurement Indicator (APMI) to operate as a highly sen-
sitive meteorological sensing device and as a system for rapidly 
measuring, integrating, and displaying areal precipitation; 
determine what meteorological phenomena not detectable by other 
radar may now be detected, measured, and displayed by this 
equipment; and determine the general utility of these units for 
Army meteorological purposes., 
ABSTRACT 
A listing of the problems encountered with the APMI and 
maser-equipped MPS-34 radar Is given. Two serious defects have 
been found with the past use of the maser: if tilted too high, 
the maser magnet warmed, a severe loss of maser gain resulted, 
and this gain was not recovered by the reduction of the tilt 
angle; inadequate isolation in the ferrite isolator made the 
receiver less sensitive on long pulse than on short pulse. The 
first problem can be largely overcome by using some tickler 
current on the magnet coil. The second problem has not yet been 
overcome. A total of 156 hours of data has been collected using 
the maser, and preliminary analyses have begun. Peak measurement 
errors and interpretation of intensity levels from APMI data are 
discussed from a theoretical viewpoint. Plans for the next quarter 
are outlined. 
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RJBLICATIONS, LECTURES, REPORTS, AND CONFERENCES 
On 24-25 February 1966, W. G. Stone visited the State Water 
Survey to review the status of the maser and APMI operations and 
to discuss problems related to the proper interpretation and 
application of the APMI data. 
INTRODUCTION 
Work during the fourth quarter has progressed in four general 
areas? maintenance and repair of equipment, data collection, in-
vestigation of interpretation and errors of APMI data, and analysis 
of radar data. These topics will be discussed in the following 
sections. 
EQUIPMENT MAINTENANCE AND REPAIR 
Maser 
During the past quarter the following work was performed on 
the MPS-34 and associated maser amplifier. 
The early part of January was spent in aligning the magnet 
on the maser. Normal procedure for adjustment is to remove the 
maser from the dewar, dry all moisture from the maser, unlock 
the magnet, reinstall the maser in the dewar, cool to 4.2ºK, and 
align the magnet for maximum gain centered on our magnetron 
operating frequency. After proper alignment, it must be removed 
from the dewar, warmed, and the locking screws secured. The 
alignment is quite critical, and because of the poor fit of the maser 
in the dewar as a result of its damage in shipment from the factory, 
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it is necessary to make several trials to get the alignment locked 
with satisfactory gain. Results of the recent magnet alignment 
(January 6, 1966) gave an extra 14 db net signal gain when using 
the maser amplifier with the magnetron operating at a frequency 
of 9.307 kmc. 
The maser is secured to the dewar with screws and utilizes 
silicone rubber seals as a gas seal. Deterioration of the seal 
provided by these gaskets had caused considerable difficulty in 
removing the liquid nitrogen used for precooling the dewar and 
maser from the dewar. The silicone rubber gaskets have been re-
placed with Teflon gaskets. They seem quite successful and have 
reduced the manpower and gas cost of precooling by an order of 
magnitude. Also, the nitrogen liquid is being pumped with nitro-
gen gas. 
During the first week of February it was discovered that the 
dewar had lost its vacuum and would not maintain 4.2ºK. A review 
of the logs and data indicated that it had deteriorated in the 
prior week. It was re-evacuated and has operated satisfactorily 
for several weeks; therefore, we assume that the valve for 
evacuating the jacket had loosened by vibration allowing the loss 
of vacuum. 
The same problem noted by Evans Signal Laboratories person-
nel has been experienced here; the magnetic field strength needed 
for optimum gain at the present radar magnetron frequency is an 
unstable point of the magnet. This caused considerable trouble 
during the period that the dewar jacket was losing its vacuum. 
With the present magnet in the maser, the more reasonable procedure 
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is to adjust the magnet to a stable point and increase the mag-
netic field with a constant current through the electromagnet. 
Although this requires more liquid helium, it results in more 
uniform gain over an operating day. 
During the last week of January it was noted that a test 
signal was decreasing with the tilt of the antenna; 15° tilt 
for 30 seconds would cause the loss of maser amplification. This 
also was during the time that the dewar jacket was losing its 
vacuum. However, even after the vacuum was restored, it remains 
impossible to tilt the antenna more than 80° without a loss of 
maser amplification. Tilting at angles near 80° results in a 
drastic loss of liquid helium as it contacts the warm upper parts 
of the maser plumbing. 
Experimental results verify the statement of J. Keefer of 
Hughes Laboratories that it is necessary to operate the isolator 
to prevent the radar transmitter from decreasing the gain of the 
maser. Without the isolator a minimum of 3 db loss of maser gain 
occurs when the transmitter is on short pulse and a minimum of 
8 db loss occurs when the transmitter is on long pulse. This 
signal loss extends to at least 60 miles in range. Preliminary 
field testing indicates that the maser produces, if the isolator 
is properly pulsed, maximum gain on short pulse and a maximum of 
3 db loss of target strength when on long pulse as compared with 
short pulse. It is concluded that the pulser is more than 
adequate for the present isolator, but its power supply had an in-
adequate heat sink for the zener regulators. The zeners had been 
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replaced twice, and as a last resort, a hybrid regulator (1 zener, 
4-voltage regulator tubes) was substituted for the original. Ad-
ditional tests will be needed to determine if a new isolator is 
required for successful operation on long pulse. 
The "Cubic" pump klystron power supply has had three mal-
functions. A terminal board on the 800 volt supply arced, causing 
a carbon path to ground; two condensers of the supply failed; and 
a connection which supplied 115V ac to the klystron filament was 
not soldered, causing intermittent operation. The klystron fila-
ment connection looked as if it were a production oversight and 
showed considerable evidence of arcing for a long period of time. 
This might be an explanation of some of the early klystron 
failures. 
A stationary horn coupled to a signal generator on the con-
sole has been mounted on the east side of the van to permit rou-
tine checks of the system performance during data collection. 
Also, this permits recording the system sensitivity on the PPI 
scope film record. 
As visually observed on the scope, the video lacked contrast 
and sharpness. A check of the video circuit revealed extensive 
differences from the circuit diagram. Changing from the modified 
circuit to the original has improved the scope display. 
In addition to the problems already discussed, we have had 
the following normal troubles: 
1) Bad high voltage supply on PPI, 1-17-66 
2) Replaced magnetron (open filament), 2-8-66 
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3) Shorted heater lead in transmitter, 2-9-66 
4) Bad 12AT7 in pulse generator, 2-21-66 
5) Bad tube socket on 5C22 chasis 
6) Bad regulator tube in receiver power supply (6AS7), 
3-16-66 
7) Kepco power supply failed, 3-20-66 
APMI 
Since the APMI is being evaluated with normal radar scope 
photography and raingage networks, the preamplifier gain control 
has been removed from the normal gain control and its bias is 
maintained at a fixed maximum value. This permits simultaneous 
data collection with the PPI scope using gain reduction tech-
niques and the APMI. 
During the past quarter the following work was performed 
on the APMI; 
1) Repair of the -12V dc power supply 
2) Replacement of the defective -24V dc power supply 
3) Installation of monitoring meters on all power 
supplies 
4) Repair of reset pulse circuit 
5) Repair of master clock 
6) Replacement of marginal transistors in 8 miscel-
laneous circuits 
In general, especially during the early part of the quarter, 
work on the APMI has been limited by cold weather. During severe 
cold weather we were unable to maintain the minimum 80°F required 
for the APMI to operate. It is hoped that as the marginal circuit 
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operation is repaired we will be able to operate over a more rea-
sonable temperature range. 
DATA COLLECTION 
Considerable effort was spent during the fourth quarter to 
colleet additional data with the maser-equipped MPS-34 radar. 
Table 1 lists the primary days and hours of data collection 
during the quarter. An additional 3 hours were logged during 
tilt tests and step gain calibrations. 
Table 1. Useful Periods of MPS-34 Radar Operations 
Start End Total Time 
Time (CST) Date (1966) Time (CST) Date (1966) (hours:minutes) 
1426 7 January 0225 8 January 11:59 
1717 11 January 0934 13 January 40:17 
1522 21 January 2119 21 January 5:57 
1542 28 January 0910 29 January 17:28 
1844 31 January 1520 1 February 20:36 
1802 15 February 1137 16 February 17:35 
1625 4 March 1605 5 March 23:40 
1648 17 March 1112 18 March 18:24 
Hourly airways weather data for most of the period listed in 
Table 1 have been collected and plotted, and will be used for com-
parison with the radar data. Much of the precipitation falling 
during these periods was snow. 
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INTERPRETATION OF INTENSITY LEVELS FROM APMI 
In the previous quarterly report a discussion of the inter-
vals to which the intensity levels should be set was presented. 
This discussion indicated that the best method is to set the 
differential between levels to a constant logarithmic difference. 
This would mean that the average should be interpreted as the 
mean logarithm of the return power. One difficulty pointed out 
at the time is that the error will be large if there are one or 
more individual sweeps which are not sufficiently strong to con-
vert as level 1. Since the writing of that quarterly a publi-
cation by S. F. Hall, and others of Airborne Instruments Laboratory, 
has been brought to our attention. In this publication a similar 
device was investiagted theoretically. Their report included a 
discussion of the quantizing error. It indicates that the error 
near the lower edge of the dynamic range becomes excessive. The 
recommendation in this report is that the dynamic range should be 
expanded and several quantizing levels be placed below the most 
sensitive desired output level. This would seem advisable on any 
future device of this kind. Since 4 binary bits are now available 
for quantizing and only 10 levels are used, this could be accom-
plished without any additional memory space or size of adders. 
The quantizing levels of the APMI will be operated with a 
5 db separation. The value from the APMI will then be inter-
preted as the mean logarithm of the power return. The probability 
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distributions of the voltage amplitude to a radar set is given by; 
where A = instantaneous magnitude of voltage 
= average magnitude of the power returned from a point 
in space. 
By virtue of the decision to use differential levels which are 
logarithmically related and the use of a square law detector in 




An average of y obtained from this distribution by solving 
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is about 2.51 db less than 10 log   . This implies that using 
the logarithmic intervals will introduce a bias in the estimate 
which is 2.5 db low. This can be compensated by adding 2.5 db 
to each of the calibrated values of the levels from the inte-
grator. This problem is not unique to the APMI. A similar 
problem exists for nearly all data processing schemes using the 
video from a logarithmic receiver. The only means of completely 
eliminating this bias is to effectively perform an antilog operation 
on the video before the averaging process. This could be per-
formed on the APMI, if the step levels could be set using an 
arithmetic progression of levels. As was indicated in the previous 
quarterly report, this leads to instrumentation difficulties. 
At this time it is recommended that future instruments of 
this type be constructed using logarithmic intervals with at 
least one interval below the report level. 
APMI PEAK MEASUREMENT ERROR 
In the APMI the level conversion is such that each level con-
verted represents the peak value of the signal during the range 
interval in question. The number of independent observation points 
within a range interval is a function of the pulse length of the 
radar, the band width of the receiver., and the setting of the smooth-
ing time constant. The band width of the receiver is specified 
as 2 Mc, which is sufficiently large to pass both the long and 
short pulse of the MPS-34 radar. The smoothing time constant is 
adjustable from 0 to 10 µS. If the time constant is set to 0 µs, 
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an independent sample can be obtained every 75 meters in range on 
short pulse. At the other extreme, if the time constant is set at 
10 µS and with the long pulse, an independent sample will be ob-
tained every 1.25 miles. Table 2 shows the approximate number of in-
dependent samples in range within each display element size. 
Frequently the number of independent measures in any one display 
element may be higher or lower as the display element is inter-
sected at angles. 
Table 2. Number of Independent Samples Versus Display 
Element Size for each Radar Sweep. 
Time Constant = 0µs Time Constant = 10µs 
Display Element Short Long Short Long 
size (miles) Pulse Pulse Pulse Pulse 
0.8 34 3           1         1 
1.6 68 6           1  1 
3.2 137 13 3 2 
4.8 274 27 4 3 
12.8 730 73 12 10 
28.8 1645 164 28 23 
The effect on the intensity measurement of obtaining a peak 
measurement over the display element has been examined. As before, 
the probability distribution of logarithmic intervals is 
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If there are N independent samples chosen from this distribution 
and the largest value chosen is called ym then the distribution 
for ym is given by 
The term gives the probability that any one observation 
is less than or equal to ym . This term can be evaluated as 
follows:  
Then the expression for the probability density for each sweep 
across the display element is: 
This has been evaluated for N = 4, 8, and 16. The resulting 
curves are plotted in Figure 1. The abscissa scale is chosen so 
that the average power is represented by 0 db. The ym values in 
these equations are in units of natural logarithms and must be 
converted to those of the abscissa. It should be noted that the 
bias introduced by this peak responding device changes with the 
number of independent samples included. Thus, if this device is 




to be calibrated against rainfall, the calibrations must be 
different for each display size and each pulse length. The mag-
nitude of the probable error is sufficiently large that it cannot 
be ignored. For N = 16, the average of the peak values is 5.4 db 
higher than the true average power. For N = 8, the difference 
reduces to 3.7 db and for N = 4 to 1.7 db. The major drawback is 
that this value changes with N. Since the number of independent 
samples over a particular square varies with the location of the 
square with relation to the orientation of the APMI grid, it is 
impossible to correct for this error. 
It was noted in the previous quarterly report that a high 
frequency of false echoes occurred at azimuths 45° from the north. 
This is in the region that the number of independent samples in a 
display element will be the maximum. Thus, it may be that this 
increase in bias in forming the average may account for some of 
the false echoes. 
ANALYSIS OF RADAR DATA 
Because of the uncertainties of the total receiver system 
gain (caused by uncertainties in the maser gain) during the data 
collection period, the echo growth analysis started earlier has 
been discontinued to pursue studies using more reliable data. 
An investigation is underway using the recent snow data to 
determine the range and intensity at which the maser-equipped 
MPS-34 radar is capable of detecting snow. Since this study is 
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just starting, no final results can be given. However, snow echoes 
were found on the film out to a range of 190 n.mi. 
RADAR REFLECTIVITY PROGRAM 
To allow more rapid and profuse quantitative calculations, 
a computer program is being written which will compute such 
parameters as radar reflectivity, rain rate, and total rainfall as 
determined from radar time-lapse movies. Initially, the points 
at which the parameters are desired, such as airways station 
locations or raingage locations, will be fed in. The boundaries 
of each echo also need to be fed in along with radar constants, 
P /P., step gain attenuations, constants for the appropriate 
Z-R relationship, time, date, etc. From these the program com-
putes the reflectivity and rain rate for each station within 
an echo. An alternate approach would determine these parameters 
over a grid of equally spaced points rather than at preassigned 
locations. 
When consecutive data are fed in, the total depth of water 
falling at each location is also determined. Echo boundary 
locations will be read off the radar film using a Benson-Lehner 
chart reader and automatically punched on data cards. Once set 
up, this could allow reasonably rapid conversion of data to punch 
cards. 
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PROGRAM FOR THE NEXT INTERVAL 
Data collection will continue during the next quarter with 
both the APMI and the maser-equipped MPS-34. Spring situations 
will he sampled and compared with raingage network data. Primary-
effort will be for APMI data collection since a large amount of 
maser data presently exists. 
Additional work on the APMI will be done to get the APMI 
circuits in more consistently reliable operating condition. When 
the APMI works reasonably well, a calibration will be performed 
of the intensity levels. 
Analysis of the maser and APMI data will continue through 
the next quarter, The investigation of snow data will be con-
cluded, if possible, and results given in the next report. Anal-
ysis of APMI data will be carried on as data become available. 
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